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LOW PROFILE ANTENNA ARRAY FOR LAND-BASED. MOBILE RADIO FREQUENCY COMMUNICATION SYSTEM 



(57) Abstract 

An antenna for a land-based, mobile radio communication system, having a reduced size and 
shape includes three, flat antenna dielectric panels (32a, 32b. 32c). each covering one hundred twenty 
degrees of azimuth. On each dielectric panel are fbinied two, intcrieaved microstnp antcnia arrays 
having narrow vcitical beam width. One of the antenna arrays (36) receives signals and the other 
antenna array (34) transmits signals. TTie receive array is circularly polarized. The panels are mounted 
in a triangular configuration about a aaitral mast and a cylindricaUy shaped radome encloses the 
dielectric panels. 
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LOW PROFILE ANTENNA ARRAY FOR LAND-BASED, 
MOBILE RADIO FREQUENCY COMMUNICATION SYSTEM 

FIELD OF INVENTIGN 

The inventioii relates generalfy to antenna arrays, and more particularly to low- 
profile antenna arrays for land-based* mobile radio frequency conmiunication systems. 

BACKGROUND OF THE INVENTION 

Mobile radio frequency communication systems, which include the conventional 
5 "cellular" systems and the new personal communications ^tems or PCS, are currently 
enjoying wide-spread use throughout the country and the world. Most major urban and 
suburban areas have at least one, if not two, systems. With new frequenqr bands being 
allocated in the United States for PCS, additional systems are expected to be iwjctaHgd 
in these areas. As the number of systems and the mobfle subscribers in a given area 
10 increase, so too does the number of antetmas. However, due to the size and appearance 
of convendonal cellular antennas, suitable sites are expected to become more diffgff nft 
to find, especially in urban and suburban areas. 

In cellular and currently proposed PCS systems, a territory that is being serviced 
by a system is divided into multiple "cells.* At the center of each cell is located a base 
15 stadon. The base station transmits and receives radio frequency signals carrying voice 
and data to and from mobile radio telephones current^ located within that celL The 
base stations are interconnected through a central, cellular switching office. The cellular 
switching ofBce is, in turn, usualty connected by conventional telephone wiring capable 
of handling many simultaneous calls (called a "trunk") to a conventional local telephone 
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m a territoiy thus requires additional antennas, 
unsightliness of the antennas. 

oni, n.u„ coo-en, ^U. ^ ^ ^ ^ ^ ^ ^^^^ ^ ^ ^ ^ 

■eiephon. Noise .ad u««fa^ i. ^ ^ ^ ^ Cbn^a,, „ 

on«udi«:ti«», ^ ^ ^ 

»m»«hoHzoou,b=a.™aU.„™gai. F«h«»ore. since aU 3^ 
«»-^ a. ,«»al*, a pb»e near «,e a« ^rtca, ^ « 
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narrowed to further increase gain. Verticalty stacidng several antenna elements in an 
anay narrows vertical beam width. Hiird. signals transmitted from a mobile user may 
reflect off other structures and objects before being received by the antenna and become 
randomly polarized. To assure adequate gain, the array is preferably dual-polarized to 
receive both vertically and horizontally polarized signals by providing a second linear 
antenna array. Also, having both polarizatioDS helps assure adequate reception from 
hand-held mobfle units, whose antennas may be oriented verticaUy, horizontaUy or in 
between when the unit is held near the ear. Fourth, reflected signals also create 
multipath fading and may also become cross-polarized. To overcome these problems, the 
two receiving antenna arrays are spadally separated (space diversity) to provide diversity 
gain. 

An antenna that satisfies these constraints tends to be a large, rather talU 
ungainly and unattractive structure. For example, in one type of antenna installation, 
there are three sets of directional antenna arrays, each covering one hundred, twenty 

degrees of azimuth, that are supported on a pole or mast above the ground. Ineachset 
arc two verticaUy polarized arrays and one horizontally polarized array of wire dipole 
elements. The bottom array is used for receiving, the middle array for transmitting and 
the top array for receiving. Using two, spatially separated arrays enhances diversity gain 
of incoming signals. The resulting structure can be greater than thirty feet in height, 
20 depending on the exact range of frequencies to which the antenna is tuned. 

Due to the increasing use of mobile communication devices, there is a need 
therefore for a antemia configuration for use in land-based, mobile radio communication 



15 
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SUMMARY OF THE INVENTION 

Die mvcntion relates to an antenna structure for base stations of a land-based, 
radio communication systems and the like. The invention overcomes the limitatioiis 
placed on such antennas to provide an antenna having a substantial^ smaller and 
narrower physical- proffle as coinpared to conventional prior art antennas, without 
sacrificing performance. The comparatively smaU profile aUows for the antenna's 
placement in confining areas often found in urban landscapes. Its smaU profile also 
permits it to be completely encloses within a radome that results, as compared to 
conventional antennas, in a more aesthetically pleasing size, shape and appearance. 

An antenna in accordance with the invention includes one or more directional 
arrays formed on one or more flat panels from a plurality of flat "patches" of metal 
deposited on a paneL Each patch functions as a separate radiating element. The panels, 
being relatively flat, reduce the overaU width and depth of the array as compared to one 
with wire dipole radiators, resulting in a narrower overaU profile of the assembled 
antemxa. The entire antenna is enclosed within a low-profile radome. The radome not 
only protects the antenna elements from weather, it also provides several important 
advantages. It is aestheticaUy pleasing, espedaUy given the relatively smaU size of the 
antenna. It provides minimal eoviroimiental impact. Birds, for example, are unable to 
nest in the structure. It offers low wind resistance. Thus, since wind loading is reduced, 
the antenna tends to cost less to erect It also can be more safely serviced. 

In one embodiment, an array panel iocludes two linear arr^ of "microstrip" or 
"patch" antenna elements, one array for receiving and one for transmitting. To reduce 
the vertical height of the antenna while stiU providing a narrow elevational or vertical 
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ne elements of each array alteniate with those of tte 

and flatness of the panels the re«w»fc. 

panels, tiie resultmg antenna has a lelativelv Mrr«-. « 
mi;. J • .. . «auvwy natTow profile. A 

^-pe-^eoc^^^ - 

— ^.^tterha.: 
-^o.^«»p:..o.co»_,_,^^^^^^ «^ 

-^^co^otsa^th.^^^^^^^^^^ 
mounted and no cabling or ntu^ u • 

iso^ „ * "^'^•"'^"-«^-«*>=once.hean.e». 
"■no^ Without exposed cahte, tt„ „^ ^ . 

• • . secured agamst vandalBm 

■"^gttc^ed for fencing 3od.flua,er, the «^i..^ , 
placed ian^.«,i„^^„. , "ough to be 

--~.«,oneeo..odi„en.of.hein™.*^ 

--.^-lantete. ^ con«ntionai antenna has side, in the range of app.^^ 
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Tliese and other aspects and advantages of the invention are apparent from the 
following description of the accompanying drawings fflustrating a preferred embodiment 
of the invention. 

B1^TFF nTg^ CRTPTTON OF THE PR AWTMaq 
In the accompanying drawings: 

HGURE 1 is a schematic representation of a conventional land-based, mobile 
radio communication system; 

HGURE 2 is an devational view of the exterior of an antenna for a land-based, 
mobfle radio communication system in accordance with the present invention; 

FIGURE 3 illustrates Uie antenna of Figure 2 with a side portion of a radome 
cover cut-away; 

FIGURE 4 is a cross-section of the antenna of Rgure 3 taken along section line 
4-4 of Figure 3; and 

FIGURE 5 is a plan view of the bottom of the antenna of Figure 2. 

DETAILED DESCRTPTTnN 

In the following description, like numbers refier to like parts. 

FIGURE 1 is a schematic representation of a land-based mobile communication 
system 10 which is weU-known in tiie art and is intended to be representative of aU such 
systems. The system includes a plurality of base stations 12, one for each ceU (not 
indicated). Each base station is linked by a land-line 14 to a mobfle communications 
switching office 16. The mobfle communication switching ofBce connects with a local 
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^^^^^ 

'=°»erag= to one dkection a«,rdiDg to »efl ta™„ pri,^ 

«. pnM^ acc^ „ 3,^, ^ ^ A.«^^30^ 

HBtane md seals the bottom of the ndome. 

HGUKE 3 . an e^ ^ ^ 3^ ^ ^ _^ ^ 

of three sectioo. 32a, 32b and 32c c( dielect* n^tetW a™^^ 

-d-o^.. ^'""~ooa,n.anne,ontheou.e,sut..eeofthe.h,eedie.ect,<. 

a„ nine t«»ni. oUctosttip p^ches 34 and nine tccelve n^ttip p^es 36 
"^--^^ -pective,.. a Hoea. t,»s„. ^ 

-"^y Crt^tted for a oa,^ «^ ^ ^ ^ ^ ^ 
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P«aIW»U.e ground. The tr»«ai. pa«« 34 are inttrica«d or aluanattd with U« 
On U„ back of tte didecofc i. a layer of metal (no, visible) d>« 
Wagtonndpume. E«* transndt patch 34 is fed signaU through the back of a,. 
P««l 32 using probe attached a coo^ttfonai coaaia, contactor (not Shown). A tip 35 
Of e«icom«ctor-s feed probe is connected touie transit patch 34. Each recei« 

p.«* 36 is duallinearly polari^ by feeding the patch tan the rear at ««, points, 
orthogonal to each other wiU, respect to the center of patch, using conventional 
coa«l connectors (no, sho™,). A tip 37 of each connector's feed probe to connected 
»U« receive patch 36. Al«ma«ly. Ute tta.^ and U„» receive pan*ea can be fed by 
nncrosWp muBmission line, deposited on the outer U5« of the dfcl^ 

Tta conneaots of the transn^ patches 34 in the transnnt array on a panel ae 

connected by coa^l cabte .0 a am power spatter in order to contf»,e the signals tan 
rtl.r».smi.p«che, into a single dgnal for traBoissiontoaradto recent, fcasindlar 

m«mer. vertical polari^ conn«cn« ton each receive patch 36 in the receive a«^ 
are connected to a second power spliner. and the horironal polarization conneeton 
600, U«recei.ea,ray,reconnec.edtod„ third po»=rspli.ter. Forsin.pliciQ,.U„U>r.e 

power spU.,en are schematically represented by box 38 and coaxal cables connecting 
«ch P«cb to Uie respective power sputter are omitted. The output of e«* power 
splitter is provided u> a coaxial connectt,r 38. A group of U«e com«cto„ 39 are shown 
in Hgure 3, one for .he transmit anay and two for the nxeive atiay of panel 3Z 
extending through U>e bo«om of mounting plate 30 for com^ction to cables (rom the 
OMBmtten and receivers to the base station. 
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HGURE 4 is a cross-section of antenna 24, taken generaUy along section line 
4^ in Hguie 3. It wiU be described with reference also to HGURE 3. An 
oinnidiiectional version of the antenna indude^ Each panel is 

sia»tantiaUyidenticaland has been de«:nlH^withrefi«^ Each panel 

covers a complementary one hundred, twenty degree sector of azimuth about the 
antemia, thus providingantem«24 with omnidirectionalcoverage. Each panel is backed 
byagroundedaluminum member 42, bonded with a conducting epoxy to the metal layer 
(not visible) on back of the dielectric sheets 32a, 32b and 32c The panels are bolted to 
support brackets 40. Antenna 24 is easily reconfigurable by. for example, removing one 
or two panels to create an antemui having a directional radiation pattern ^ 
do not require an omnidirectional radiation pattern. Additional panels, each with 
narrower horizontal beam widths, can be set in a polygonal fashion within a cylindrical 



radome. 



me assembly of the three panels 32 and the radome 26 is supported in a vertical 
positionbyacentraipoieormast44. THe mast is competed to mounting pbte 30 ami 
fonns an electrical com^ction therewith for grounding Uie mast Bolt 46 (Hgure 3) is 
threaded into the top of the mast tiuough a sleeve in a plate 48 and opening in cap 28. 
and holds both in place. Plate 48 (Hgure 3). pushing against the top edge of the radome 

cylinder 26. forces the bottom of the cylindrical radome 26 against the mo^^^ 

30. The mounting plate 30 includes a raised circular shoulder to center the radome 26 

ontheplateandassistinformingasealbetweenUieradomeandpbte. The bolt 46 also 
extends through a bracket for supporting a lightening rod 50. 
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Antenna 24 is easily reconfigurable. One or more panels may be recovered to 
provide an antenna having a more directional radiation pattern. Additional antenna 
panels, each with a narrower horizontal beam width, can be added and oriented in a 
polygonal fashion about the central mast, within the cylindrical radome. Alternately, a 
5 single panel, such^ panel 32, may be enclosed within a radome and mounted flat against 
a wall or side of a building for directional coverage. Mounting additional panels to other 
surfaces of the buflding can provide greater horizontal coverage. A panel array also 
easily lends itself to mechanical tflting for beam adjustments. AdditionaUy, a single panel 
may include an N by M arrays of patch elements to. provide electronic beam steering 
10 capability. 

FIGURE 3 shows the bottom side of the mounting plate 30. It will also be 
described with reference also to HGURE 3. The mast 44 (Figure 3) is attached to the 
plate 30 through an opening 52. The portion of the plate extending b<^nd the outer 
circumfBrence of the radome 26 forms a flange 54. The antenna 24 is mounted to a 

15 support surface by bolts or similar fasteners extending through slots 56 defined in the 
flange 43. Within each group of connectors 39, one connector serves as an input to the 
transmit array and two connectors serve as outputs for the horizontally and vertxcally 
polarized signals from the receive array. 

Hie foregoing description is of a preferred embodiment of the invention and is 

20 made for purposes of explaining various aspects and advantages of the invention. The 
invention, however, is not limited to the embodiment shown. Rearrangements, 
substitutions and other modifications to the illustrated embodixnent may be made without 
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departing ftoia the i^^^ 

ine scope of the mventioii is defined onlv Iw 
appended claims. only by the 
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What is claiined is: 

1. An antenna for a mobfle radio communications system, comprising: 

at least one dielectric panel having fonned thereon a first, vertically^jriented, 
linear array of a piuraUty of microstrip antemia elements for receiving signals and a 
second, verticalfy-oriented. linear array of a phirality of microstrip antenna elements, 
interleaved with the elements of the first array, for transmitting signals; and 

a narrow profile radome extending around and enclosing the at least one panel 
for support in a vertical orientation. 

2. "Hie antenna of Qaiml wherein each microstrip antenna element of the first 
array fiuther includes dual feed points for dual-linear horizontal and vertical polarization. 

3. Hie antoma of Claim 1 further conqnising: 

a second panel having formed thereon a first, verticallyK)riented, linear array of 
a plurality of microstrip antenna elements for recehring signals and a second, vertically- 
oriented, linear array of a pluraHty of mfcrostrip antenna elements, interieaved with the 
elements of the first array, for transmitting signals; and 

a central mast for supporting the first and second dielectric panels in vertical 
orientations; 

wherein the radome is substantially cylindrical and encloses the first and second 
dielectric panels. 
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< !!» «u=n.a of 3 compH^, . ^ ^^^^ 

PiMe fcr eleoiicai coimeaion to the Bkm ana^ 



5. '»«-'«-°faaim:ioduding««„|or.oupHo,^^^^^ 
b« st«io. Of . I3,^.b«ed moMe r«fio co,™,..^ ^ 
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6. An antenna for a mobile radio communications system, comprising: 

a pluraUty of dielectric panels, each panel having formed thereon a first, 
vertically-oriented, linear array of a pluraUty of microstrip antenna elements for receiving 
radio frequency signals, each microstrip element of the first array including two feed 
points for dual Unear horizontal and vertical polarization, each panel further having 
formed thereon a second, vertically-oriented, linear array of a plurality of microstrip 
antenna elements, interleaved vwth the elements of the first array, for transmitting 
signals; 

means for assembling the dielectric panels together in a vertical orientation, said 
means for assembling including means for orienting each dielectric panel to provide 
diEferent azimuth coverage. 

7. The antenna of Claim 6 forther comprising a substantially cylindrical radome 
attending around and enclosing the phirality of dielectric panels. 

8. The antenna of Claim 6 further comprising a mounting plate for coupling the 
bottom of the cylindrical radome to a surface, and pluraUty connectors extending through 
the mounting plate for electrical connection to each of the Unear arrays on each of the 
dfelectric panels. 

9. The antenna of Claim 6 wherein there are at least two dielectric panels 
of Unear arrays, and the means for assembUng includes means for supporting the 
dielectric panels in a polygonal configuration about a center masL 
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12. An antenna for a mobile radio communications system, comprising: 

a plurality of dielectric panels, each panel having formed thereon a first vertical 
linear array of a plurality of microstrip patch antenna elements for receiving signals, the 
microstrip antenna elements of the first array further including two feed points for dual 
linear polarization; 

means for mounting each panel in a vertical orientation about a central mast in 
a generally polygonal configuration for providing wide azimuthal coverage with a 
relatively narrow vertical beam width for conunimication with land-based mobile radio 
telephones; and 

a cylindrical shaped radome extending around and enclosing the dielectric panels. 

13. The antenna of Claim 12 wherein each of the plurality of dielectric panels 
fiirther includes a second vertical linear array of a plurality of microstrip patch antenna 
elements, interleaved with the elements of the first array, for transmitting signals. 

14- The antenna of Claim 12 further comprising a mounting plate, means for 
attaching the mounting plate to the bottom of the cylindrical radome, and niMn< 
extending through the mounting plate for electrical connection to the linear arr^ 

15. The antenna of Qaim 12 including means for coupling the linear arrays to 
a base station of a land-based mobile radio communication system. 

16. An antenna for a mobile radio communications system, comprising: 
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telephones; and 
Of the dielectric panels; 
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